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Received 23 June 2016; revised 24 August 2016; accepted 27 August 2016AbstractA simple and rapid method using two imine ligands,(E)-N1-(2-hydroxy-5-nitrobenzylidene) isonicotinoylhydrazone and 2-(4-
fluoro benzylideneamino) benzenethiol for the analysis of nickel(II) is proposed. The ligands react with nickel(II) at pH 4.0 and 4.7
to form red and pale purple complexes respectively with a stoichiometric ratio's of 1:1. The complexes obeyed Beer's law in the
range of 0.8e20.0 mg L1 with an excellent linearity depicted by correlation coefficient value of 0.9996. The molar absorptivity and
Sandell's sensitivity were found to be 5.1 104, 6.3 104 L mol1 cm1 and 0.98, 0.91 ng cm2 for the red or pale purple complex
systems. The limit of detection for nickel(II) was noted as 0.89 and 0.82 ng L1. The method was successfully applied for the
determination of nickel (II) in various waters and soils. Additionally, in vitro antibacterial activities of the complexes have been
evaluated against gram positive (Bacillus subtillis and Staphylococcus aureus) and gram negative (Escherichia coli and Pseudo-
monas aeruginosa) bacteria. Density functional theory calculations were performed to compute HOMO-LUMO band gaps for the
prediction of the binding affinities of the complexes.
© 2016 The Authors. Production and hosting by Elsevier B.V. on behalf of University of Kerbala. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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The pollution by heavy metals from natural waters
and soils is of great concern due to their potentially
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j.kijoms.2016.08.003[1], but not considered to be a metal of biological
importance until 1975, when Zerner discovered that
urease was a nickel enzyme [2]. Compared with other
transition metals, nickel is a moderately toxic element.
However, it is known that inhalation of nickel and its
compounds can lead to serious problems, including
cancer of the respiratory system [3]. Moreover, nickel
can cause a skin disorder known as nickel-eczema [4].
Therefore, it is important to develop simple, sensitive
methods for the determination of nickel (II) in different
environmental matrices.n behalf of University of Kerbala. This is an open access article under
4.0/).
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[6,7], azo dyes [8], imines [9] and carbamates [10,11]
have been reported for the analysis of Ni (II) using
different analytical instruments. Among the reported
ligands, isonicotinoylhydrazide and thiol related com-
pounds contain strong complexing ability due to the
presence of electron donors (nitrogen and sulfur atoms)
apart from its widely known medical and agricultural
applications [6]. Numerous techniques such as FAAS
[12], EAAS [13], GFAAS [14], AFS [15], ICP-OES
[16], EDX-FS [17], chromatography [18], voltamme-
try [11,19], colorimetry [20], spectrophotometry
[8,21e34] and other methods [35e45] have been re-
ported for the determination of nickel (II) in environ-
mental samples. EDX-FS and ICP-OES are
sophisticated and costly methods that requires dedi-
cated specialist to operate. On the other hand chro-
matography are time consuming while voltammetry,
and colorimetry not reproducible. Hence, these tech-
niques are not suitable for routine analysis of large sets
of samples where rapid analysis is needed.
UVeVis spectrophotometry is the most common
technique used for nickel (II) determination owing to
its simplicity and low cost. Accordingly, the present
study reports a facile procedure to determine micro
levels of nickel (II) in different waters and soils.
Nickel(II) in the presence of acetate buffer, forms a red
or pale purple complex with (E)-N1-(2-hydroxy-5-
nitrobenzylidene) isonicotinoylhydrazone
(HNBISNH) and 2-(4-fluoro benzylideneamino)ben-
zenethiol (FBBT) at pH 4.0 and 4.7 respectively. The
ligand concentration, pH of buffer, reaction time and
effect of temperature were optimized to improve the
sensitivity of the method. The results obtained were in
good agreement with those from FAAS method.
Moreover, it demonstrated added advantages on reli-
ability and reproducibility in addition to its simplicity,
instant color development and less interference. Inter-
estingly, the antibacterial studies of complexes reveals
that overall antibacterial activity towards gram positive
and negative bacteria by Ni(II)-FBBT was more than
that of Ni(II)-HNBISNH. Additionally, HOMO-
LUMO energy band gaps of the complexes have
been examined by density functional theory (DFT)
calculations to supplement experimental results.
2. Experimental
2.1. Apparatus
A double beam spectrophotometer (UV-117,
Systronics, Ahmedabad, India) with a 1.0 cm quartzPlease cite this article in press as: B.N. Kumar et al., Spectrophotometric de
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j.kijoms.2016.08.003cell and Flame atomic absorption spectroscopic
(FAAS) (AA-6300, Shimadzu, Tokyo, Japan) was used
for quantification analysis and comparison study. A
pH-meter (model Li-129, ELICO, Hyderabad, India)
was used for pH measurements.
2.2. Chemicals and reagents
All reagents used were of analytical reagent grade,
(SD Fine Chemicals, Mumbai, India) and solutions
were prepared with deionized water. Stock solutions
(0.1 mol L1) of HNBISNH and FBBT were prepared
weighing 2.86 g and 2.31 g in 100 mL and then dis-
solved with deionized water respectively. Working
solutions of HNBISNH and FBBT were prepared by
appropriate dilutions; the solutions were stable for
three months. Approximately 40.0 g of (NH4)2Ni(-
SO4)2.6H2O) (SD Fine Chemicals, Mumbai, India) was
weighed, dissolved in deionized water containing a 10
drops of concentrated sulfuric acid and made up to
100 mL to prepare stock solution. Then the stock so-
lutions were standardised gravimetrically using dime-
thylglyoxime [46]. The required dilute solutions of
nickel (II) were prepared by diluting the stock solution
with deionized water. Solutions of alkali metal salts
(1%) and various metal salts (0.1%) were used to study
excipient effect.
2.2.1. Synthesis of HNBISNH and FBBT
Accurately weighed 1.2 g 2-hydroxy-5-
nitrobenzaldehyde (SD Fine Chemicals, Mumbai,
India) and 0.822 g isonicotinoyl hydrazide (SD Fine
Chemicals, Mumbai, India) were transferred into a
50 mL round bottom flask followed by the addition of
15 mL ethyl alcohol. The condensation process was
carried out for about 2 h at 60

C. The yellow colored
product of HNBISNH was formed and further sub-
jected to 80

C for about 3 h for evaporation of the
excess solvent leaving behind a solid compound with a
yield of ~1.98 g (86%). The melting point of
HNBISNH was found to be in the range of
214e216 C. The FT-IR spectrum of HNBISNH shows
bands at 3450, 3298, 3270, 1664, 1643, 1581, 1550,
1481 and 1242 cm1, corresponding to [OeH] sym-
metric, (NeH), (CeH) aromatic, (C]O), (NO2)
asymmetric, (C]N) azomethine, (NO2) symmetric,
(CeC) aromatic ring and (CeO) stretchings.
Accurately measured 0.48 mL 2-aminobenzenethiol
(SD Fine Chemicals, Mumbai, India) and 0.48 mL 4-
fluorobenzal dehyde (SD Fine Chemicals, Mumbai,
India) were transferred into a 50 mL round bottomed
flask followed by the addition of 15 mLtermination of nickel (II) in waters and soils: Novel chelating agents
ational Journal of Modern Science (2016), http://dx.doi.org/10.1016/
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refluxed for about 1 h at 60

C, and the solvent from
the resulting pale yellow colored oily product was
evaporated with rotavapor at 160

C for 30 min to
obtain FBBT. On long standing for 24 h at ambient
temperature the product converts to a yellow solid with
a yield of ~1.89 g (84%). The melting point was found
to be in the range of 202e204 C. The spectrum of
FBBT show bands at 3055, 2550, 1602, 1508, 1409
and 1296 cm1 corresponding to (CeH) aromatic,
(SeH), (C]N) azomethine, (CeC) aromatic ring,
(CeF) and (CeN) stretchings. The structures of both
HNBISNH and FBBT were confirmed with the anal-
ysis of FT-IR spectrum showing several bands. The
reactions were shown in Scheme 1aeb.
2.2.2. Synthesis of metal complexes
The imine ligands (1 mmol L1) were dissolved in
absolute hot methanol (50 mL) and the aqueous solu-
tion of nickel (II) (1 mmol L1, 10 mL) was added
dropwise to the solution of ligands. The reaction
mixture was refluxed for 6 h at 70 C. The mixture was
kept over a period of 5 days for L:M (Ligand: Metal).
The solid product was filtered, washed with 40 mL of
hot water, methanol and ether sequentially before dried
in a vacuum desiccator for 24 h.
2.3. Analytical procedure
To a standard or sample solution containing
(1.0e100 mg L1) nickel (II) in a 50 mL measuringCHO
O2N
OH
N C
O
NH NH
2-hydroxy-5-nitro
benzaldehyde
Isonicotinoylhyrazide
NH2
SH
CHO
F
2-aminobenzenethiol 4-fluoro benzaldehyde
Reflux
1h, 60 OC
(b)
(a)
Scheme 1. a-b Preparation pathway for (E)-N1-(2-hydroxy-5-nitrobenzlid
neamino) benzenethiol (FBBT).
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of 0.2 mol L1 acetate buffer with pH 4.0/4.7 were
added. The mixture was diluted to 50 mL and mixed
well. The appearance of red and pale purple color
chromophores were instantaneous and absorbance was
measured from 480e520 nm against the reagent blank
solution prepared in a similar manner without nickel
(II). These solutions were used for UV-Vis and FAAS
analysis accordingly.
2.4. Procedure for evaluation of biological activity of
complexes
Antibacterial activity of the two complexes were
studied with gram positive (Bacillus subtillis and
Staphylococcus aureus) and negative organisms
(Escherichia coli and Pseudomonas aeruginosa) using
disc diffusion method [47]. The Muller-Hinton agar
was rigorously tested for the composition and pH.
Further, the depth of the agar in the plate was a factor
to be considered in the disc diffusion method. The test
plates were prepared by 0.5 mL of standard inoculums
pipetted into a sterile petri plate, 20 mL of melted agar
medium was then added to 10 cm petri plate and mixed
well by gently swirling on the table top. The seeded
plates are allowed to solidify and 10 mg mL1 of each
complex was impregnated on sterilized filter paper disc
and carefully transferred in the agar plates.
The chemical diffuses from the disc into the me-
dium and place the chemical only around the disc. The
solubility of the chemical and its molecular size was2
NO2
HO
HC
N(Z) HN
C
O
N
(E)-N'-(2-hydroxy-5-nitro
benzlidene)isonicotinoyl
hydrazone(HNBISNH)
Condensation
2h, 60 OC
SH
N
HC
(E)
F
2-(4-fluorobenzylideneamino)
benzenethiol(FBBT)
ene) isonicotinoyl hydrazide (HNBISNH) and 2-(4-fluoro benzlide-
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the disc. Standard disc of Gentamycin 10 mg (anti-
bacterial agent) was served as positive control for
antimicrobial activity on the agar plates. The plates
were incubated at 37

C for 24 h around the disc
opaque area indicates that the compound, which
diffused into the agar from the disc, inhibits the growth
of the organism. The Inhibition Zone (IZ) was recorded
with the help of scale, and compared with control
containing standard antibiotic Gentamycin disc. The
experiment was triplicated and the mean values were
tabulated with the standard deviation.
2.5. Real sample preparation
Sewage and normal water samples were collected in
1 L polypropylene containers (pre-cleaned with
6 mol L1 HNO3) from various industrial areas sur-
rounding Tirupati, Andhra Pradesh, India. Each water
sample was first acidified with 5 mol L1 H2SO4 and
then filtered through a 0.45 mm filter. The samples
were pre-heated at 120

C for about 2 h 20 min and
evaporated to 250 mL for further analysis.
Homogeneous soil samples were accurately
weighed (2.0 g) in a 100 mL beaker. The sample was
digested using a mixture of HNO3eHCl (aqua regia)
on hot plate at 100

C for 1 h, until the clear transparent
solutions were obtained. These solutions were cooled
to room temperature and then filtered through a
0.45 mm pore size membrane (Millipore Corporation,
Bedford, MA, USA) into a 50 mL conical flask.
Thereafter, the pH was adjusted to 4.0/4.7 and diluted
to the mark with deionized water. The standard addi-
tion method was adopted for the quantification of
nickel (II) in spiked samples using UV-Vis and FAAS
measurements.
3. Results and discussion
3.1. Absorption spectra
Under the optimal experimental conditions, the
absorption spectrum of pure HNBISNH/FBBT and
nickel (II)-HNBISNH/FBBT complexes were scanned
with UVevisible spectrophotometer. The absorption
maximum of reagent blanks were measured at 370 nm
and 395 nm, whereas nickel (II)-HNBISNH/FBBT
complexes gave an absorption peak at 480 nm and
520 nm respectively. Hence, the wavelengths for
maximum absorption were fixed at 480 nm and
520 nm for all the subsequent studies as illustrated in
Fig. 1a.Please cite this article in press as: B.N. Kumar et al., Spectrophotometric de
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The interaction of nickel (II) with HNBISNH/FBBT
mainly depends on the hydrogen ion concentration.
The influence of pH ranging from 2.0 to 7.0 were
studied using a series of nickel (II) solutions. The
graph of absorbance versus pH (Fig. 1b) shows that
maximum and constant absorbance for complexes
[nickel (II)-HNBISNH/FBBT] were obtained at pH's
4.0 and 4.7. In the optimum pH range, no difference in
absorbance was noticed with excess addition of acetate
buffer. Therefore, the acetate buffer with pH's 4.0 and
4.7 were selected for further studies. The effect of the
ligand concentration (HNBISNH and FBBT) at opti-
mum pH's (4.0/4.7) were studied with solutions con-
taining 5 mL of 50 mg nickel (II) in an acetate buffer
system. The concentrations of HNBISNH and FBBT
were varied from 1.0 to 100.0 mmol L1. The
maximum absorbance for HNBISNH and FBBT were
obtained with 0.05 mol L1 and 0.02 mol L1
respectively. Further, increase in HNBISNH/FBBT
concentration, resulted in slight decrease in absorbance
due to the dissociation of complex formed. Hence,
respective concentrations of 0.05 and 0.02 mol L1 for
HNBISNH and FBBT were recommended for this
experiment as shown in Fig. 1c. The reaction was
instantaneous for both complexes [nickel (II)-
HNBISNH/FBBT], but the system attained maximum
and constant absorbance at ambient temperature
(32 ± 5 C).
3.3. Stability and composition of the chromophoric
system
The absorbance of nickel (II)-HNBISNH/FBBT
complexes were measured at different intervals to
ascertain the time stability of the complexes. It was
observed that color development was instantaneous
(<1 min) and remained stable for 36 and 72 h with a
average absorbance of 477 nm (SD%: 0.61) and
518 nm (SD%: 0.24) in aqueous solutions. Due to the
stability and clearness of complex solutions, the
extraction step was omitted to minimize the environ-
mental hazardous solvents. The stoichiometry of the
complexes were established using molar ratio method
at the optimum conditions. The results showed that
maximum absorption was at a molar ratio of 1.0 for
HNBISNH/FBBT concentration, representing the
interaction of one metal with the ligand molecule in the
complex formation. Accordingly, the results indicated
that the stoichiometric ratio was 1:1[M:L] as illustrated
in Scheme 2.termination of nickel (II) in waters and soils: Novel chelating agents
ational Journal of Modern Science (2016), http://dx.doi.org/10.1016/
Fig. 1. (a) Absorption spectra for nickel (II)-HNBISNH/FBBT complexes against reagent blank (b) Effect of pH on the absorbance of nickel (II)
complexed with HNBISNH and FBBT (c) Effect of ligand concentration on the absorbance of nickel (II) complexed with HNBISNH and FBBT
(d) Ringbom plot for nickel (II)-HNBISNH/FBBT (Optimum conditions:- pH: 4.0/4.7, Ligand concentration: 0.05/0.02 mol L1, Temperature:
32 ± 5 C).
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Scheme 2. Mechanistic representation of Ni (II) complexed with HNBISNH/FBBT to form red and pale purple chromophores.
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complexes
Ringbom plot is a standard protocol used to estab-
lish the optimum range of concentration ofPlease cite this article in press as: B.N. Kumar et al., Spectrophotometric de
and their biological applications supported by DFT method, Karbala Intern
j.kijoms.2016.08.003chromophoric system that obeys Beer's law. The plots
were drawn (1-T) (where T is the transmittance) as a
function of log C [nickel (II)]. The obtained plots were
sigmoid shape with a linear segment at an intermediate
absorbance of 0.1e1.0, 0.2e1.6 and concentration oftermination of nickel (II) in waters and soils: Novel chelating agents
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HNBISNH/FBBT complexes respectively. From
Fig. 1d, the slopes were calculated and noted as 0.333
and 0.310 for nickel (II)-HNBISNH/FBBT complexes.
Hence, the ratio between the relative error in concen-
tration and photometric errors were found to be 2.30,
2.10 with a concentration values of 0.0230, 0.0210
having 1.0% photometric error.
3.5. Figures of merit
Nickel (II)-HNBISNH/FBBT complexes obey
Beer's law up to 0.8e20.0 mg L1 with an optimum
concentration range between 0.81-19.7 and
0.84e19.0 mg L1. The molar absorptivity was calcu-
lated to be 5.1  104 and 6.3  104 L mol1 cm1 at
480 and 520 nm respectively. Sandell's sensitivity were
found to be 0.98 ng cm2 and 0.91 ng cm2 with a
correlation coefficient (g) 0.9992 and 0.9996 respec-
tively. The optical characteristics for nickel (II)-
HNBISNH/FBBT complexes were tabulated in Table 1.
3.6. Effect of excipients
The effect of excipients on the determination of
nickel (II) using HNBISNH/FBBT was studied under
optimal conditions. The results presented in Table 2
indicates that most of the common ions do not inter-
fere with the nickel (II) determination. Therefore, the
selectivity of this method is fairly satisfactory. A fewTable 1
The optical characteristics for the analysis of nickel (II) with
HNBISNH and FBBT using a spectrophotometer.
Optical characteristics Ni
(II)-HNBISNH
Ni
(II)-FBBT
Color Red Pale purple
lmax[nm] 480 520
Stability 36 h 72 h
Beer's law range [mg L1] 0.81e19.7 0.84e19.0
Molar absorptivity [L mol1 cm1] 5.1  104 6.3  104
Sandell's sensitivity [mg cm2] 0.00098 0.00091
Regression equation (Yb) Slopea 0.1695 0.1713
Interceptb 0.0159 0.0149
Correlation coefficient [r] 0.9992 0.9996
Relative standard deviation [%]c 0.598 0.590
Range of error
(95% confidence level)
±1.192 ±1.088
Stability constant 6.1  1015 6.9  1015
Detection limit [ng L1] 0.89 0.82
% Error 0.110 0.104
a Experiments performed under optimized conditions (see text).
b Y ¼ ax þ b, where x is the concentration of analyte in mg mL1.
c n ¼ 4.
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Al3þ interfered, which can be avoided by masking with
citric acid and sodium fluoride solutions.
3.7. Biological activity of the complexes
Antibacterial activity of nickel (II)-HNBISNH/
FBBT complexes were studied against the gram pos-
itive (B. subtillis and S. aureus) and negative bacteria
(E. coli and P. aeruginosa) at a concentration of
10 mg mL1 by disc diffusion method. More effective
antibacterial activity was observed in the complexes
(13.20 mme17.73 mm Inhibition Zone), than that of
the control drug Gentamycin (9.33 mme12.26 mm
Inhibition Zone). In this study of nickel (II)-
HNBISNH complex, B. subtilis shows effective anti-
bacterial activity with an inhibition zone of 15.80 mm
followed by S. aureus (14.63 mm), E. coli (13.20 mm)
and P. aeruginosa (12.63 mm). In the case of nickel
(II)-FBBT complex, P. aeruginosa shows more ac-
tivity with an inhibition zone of 17.73 mm followed
by S. aureus (16.16 mm), B. subtilis (15.93 mm) and
E. coli (15.73 mm). Therefore, the antibacterial ac-
tivity of the complexes (nickel (II)-HNBISNH/FBBT)
and control was in the order of nickel (II)-FBBT
complex > nickel (II)-HNBISNH complex > Control
as shown in Table 3 and diagrammatically represented
in Fig. 2. Consequently the present finding may also
open a new search for the complexes to use in bac-
terial diseases.
3.8. Computational studies
In order to characterize the electron transfer effi-
ciency between the orbitals present in the HNBISNHTable 2
Tolerance limit of excipients for the determination of nickel (II)
[0.30 mg] with HNBISNH and FBBT.
Excipients Tolerance
limit (mg)
Excipients Tolerance
limit (mg)
Cuþ2, Znþ2 50 Sm3þ, Al3þ 1100
SeO3
2, OSO5
2, TeO3
2- 6500 Be2þ 2000
Gd3þ, Sc3þ 750 Hg2þ, Sb3þ 3000
Ce4þ, Ti4þ, Bi3þ 10,000 Ir3þ 7500
Kþ, Naþ, Liþ 19,000 Mg2þ, Ca2þ, Ba2þ 16,000
Feþ3, Fe2þ 150 SnO3
2, F- 10,500
Cd2þ, Be2þ 2000 Cl, CH3COO
,
ClO4
-
18,000
Cr3þ, Ru3þ, Rh3þ 6000 Br- 5500
Pd2þ, Co2þ 100 PO4
3, SiO3
2, SO4
2- 18,000
Sm3þ, Al3þ 1100 CN, SCN- 2500
Be2þ 2000 NO3, tartrate 15,000
termination of nickel (II) in waters and soils: Novel chelating agents
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Table 3
Results of the antibacterial activity of the complexes.
Organism Antimicrobial activity (IZ diameter in mm) 10 mg/disc Control 10 mg/disc
Ni(II)-HNBISNH complexa Ni(II)-FBBT complexa Gentamycin
Bacillus subtilis 15.80 ± 0.14 15.93 ± 0.05 11.76 ± 0.56
Staphyloccocus aureus 14.63 ± 0.31 16.16 ± 0.12 9.33 ± 0.47
Escherichia coli 13.20 ± 0.16 15.73 ± 0.94 9.33 ± 0.24
Pseudomonas aeruginosa 14.63 ± 0.31 17.73 ± 0.17 12.26 ± 0.19
IZ ¼ inhibition zone.
a Standard Deviation ±Mean of Triplicates analysis.
0
2
4
6
8
10
12
14
16
18
20
B.subtilis S. aureus E.coli P.aeruginosa
In
hi
bi
tio
n 
Zo
ne
 ( 
m
m
)
Organisms
Ni(II)-HNBISNH Ni(II)-FBBT Control(Gentamycin)
Fig. 2. Antibacterial activity of the nickel (II)-HNBISNH/FBBT
complexes against control (Gentamycin).
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tained from the UVevisible spectrophotometry, DFT
calculations were performed using the Gaussian 09
molecular program [48]. The optimized structures of
HNBISNH, FBBT and its complex with nickel (II) was
illustrated in Fig. 3aed. The geometrically optimized
structures of both ligands were computed at the B3LYP
level using the LANL2DZ basis set. The global mini-
mum for each optimized structure were further
confirmed by a frequency calculation aimed at study-
ing the correlation between their frontier orbitals. The
energy values of the highest energy occupied orbitals
(HOMO) and the lowest energy unoccupied orbitals
(LUMO) and their band energy gaps reflect the
chemical activity of the ligands. HOMO represents the
ability of the molecule to donate electrons and LUMO
represent the ability of the molecule to accept elec-
trons. Therefore the HOMO and LUMO of both nickel
(II)-HNBISNH/FBBT complexes were computed, and
the energy data presented in Table 4. The electron
density maps depicting the HOMO-LUMO structures
for both complexes obtained using LANL2DZ basis set
as depicted in Fig. 3eeh. In case of Ni (II)-HNBISNH
complex, the electron density in the HOMO map were
mainly located in atoms C1, C2, C3, C4, C15, N25,
N28, N30 while in the case of the LUMO maps, the
electron densities were observed in atoms C1, C2, C4,Please cite this article in press as: B.N. Kumar et al., Spectrophotometric de
and their biological applications supported by DFT method, Karbala Intern
j.kijoms.2016.08.003C6, N10 as shown in Fig. 3eeh, indicates that N28/
N30 and N25 were the preferred binding sites for Ni
(II).
In case of nickel(II)-FBBT complex, electron den-
sity in the HOMO was mainly located in C2, C3, C4,
C5 and more electron density were observed in S11,
N23 and in the LUMO electron density was observed
in atoms C4, C16, C17, C19 as shown in Fig. 3geh,
indicates that atoms S11 and N23 were the binding
sites for nickel (II). Accordingly, the obtained energy
values shown in Table 4 represents a lower energy
band gap (DE) in case of nickel (II)-FBBT complex,
suggests that a stronger electron donating property to
nickel (II), which was supported by the higher peak
intensities observed in the corresponding UVevisible
spectrum (Fig. 1a). On the other hand, higher energy
band gaps (DE) observed in the case of nickel (II)-
HNBISNH complex suggests a weaker electron
donating nature to nickel (II) supported by a lower
peak intensity in the corresponding UVevisible spec-
trum (Fig. 1a). Moreover, the observed, computational
results were in accordance with the experimental re-
sults, and it is believed that the energy barrier between
the HOMO-LUMO band gaps of the corresponding
ligands could be avery useful parameter to predict their
binding affinities in metal complexation reactions.
3.9. Method validation
The method was evaluated in terms of reproduc-
ibility, accuracy, and detection limits. To test the
reproducibility of present method, four repetitive
analysis of each sample was studied. The RSD(%)
values for nickel (II)-HNBISNH/FBBT were found to
be 0.598 and 0.590 and the RSD(%) ranged from 0.20
to 0.58 as summarized in Tables 5 and 6. The accuracy
was evaluated comparing the obtained results with
FAAS method. The results (see Tables 5 and 6)
revealed that the good correlation between the two
methods, confirming the sensitivity of the presenttermination of nickel (II) in waters and soils: Novel chelating agents
ational Journal of Modern Science (2016), http://dx.doi.org/10.1016/
Fig. 3. Optimized three dimensional structure (a) HNBISNH (b) FBBT (c) nickel (II)-HNBISNH (d) nickel (II)-FBBT (e) HOMO and (f) LUMO
for nickel (II)-HNBISNH complex and electron density of (g) HOMO and (h) LUMO for nickel (II)-FBBT complexes computed at the DFT level
using the B3LYP/LANL2DZ energy level.
Table 4
Energy results for ligands and nickel(II) complexes computed at the DFT level using the B3LYP/LANL2DZ energy level.
HNBISNH FBBT Nickel (II)- HNBISNH Nickel (II)-FBBT
Total E (AU) 835.26916156 665.99448438 1190.32673473 1021.01721393
EHOMO (kcal/mol) 5.877 5.025 4.512 3.363
ELUMO (kcal/mol) 2.849 1.957 2.128 1.667
DE (kcal/mol) 3.028 3.067 2.383 1.696
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conditions the detection limits (signal to noise
ratio ¼ 2) were found to be 0.89 and 0.82 ng L1.
3.10. Analytical applications
The proposed method has been successfully applied
for the determination of nickel (II) in water and soil
samples. The obtained analytical results were
compared with those obtained by FAAS method in
terms of students ‘t’-test and variance ratio ‘f’-test
(Tables 5 and 6). The data summarized in Tables 5 and
6 suggests that the detection efficiency of nickel (II)
from water and soils ranged from 96.00 to 99.80%,
confirms its reliability and sensitivity over other
methods. The detection efficiency of the nickel (II)
presented in Tables 5 and 6 indicates that their order in
various waters and soils observed in this study:Please cite this article in press as: B.N. Kumar et al., Spectrophotometric de
and their biological applications supported by DFT method, Karbala Intern
j.kijoms.2016.08.003Water samples with FBBT>Water samples
with HNBISNH
Soil samples with FBBT>Soil samples with HNBISNH
According to the literature reports the permissible
nickel (II) concentration in water and soil are
0.02 mg L1 [49] and 1800 mg kg1 (based on the
comparison of inhalation exposure with inhalation
TDI) [50]. The average nickel (II) concentration
observed from the water and soil samples collected
around the Tirupati area were 0.203 and 0.236 mg L1
respectively. The limit of detection for nickel (II) found
in the natural water and soil samples were within the
tolerance limits [50,51]. The mean values obtained in a
Student's ‘t’- and ‘f’-tests at 95% confidence limits
with five degrees of freedom [52]. The calculated
students ‘t’ test and variance ratio ‘f’-test valuestermination of nickel (II) in waters and soils: Novel chelating agents
ational Journal of Modern Science (2016), http://dx.doi.org/10.1016/
Table 5
Analytical data for the determination of nickel (II) with HNBISNH in various water and soil samples (mg L1).
Samples Added Present method FAAS method
Nickel (II) [mg L1]
Found DE ± RSDd Intra-day
(%RSD)
Inter-day
(%RSD)
t-Teste F-Testf Found DE ± RSDd Intra-day
(%RSD)
Inter-day
(%RSD)
Water samples
SWSa 2.0 1.96 97.0 ± 0.25 0.011 0.012 6.30 2.20 1.97 98.5 ± 0.28 0.010 0.010
NWSa e 0.23 e e e 0.24 e
SWSb 3.0 2.94 98.0 ± 0.43 0.020 0.022 2.28 0.64 2.96 98.7 ± 0.41 0.019 0.020
NWSb e 0.20 e e e 0.22 e
SWSc 4.0 3.95 98.7 ± 0.48 0.018 0.020 1.72 0.95 3.95 98.7 ± 0.45 0.019 0.021
NWSc e 0.18 e e e 0.18 e
SWSc 5.0 4.97 99.4 ± 0.51 0.014 0.018 3.40 0.90 4.98 99.6 ± 0.55 0.015 0.019
Soil samples
SSSa 2.0 1.92 96.0 ± 0.20 0.012 0.013 3.17 0.64 1.93 96.5 ± 0.25 0.012 0.013
NSSa e 0.29 e e e 0.29 e
SSSb 3.0 2.90 96.6 ± 0.33 0.022 0.028 4.34 1.32 2.92 97.3 ± 0.36 0.022 0.027
NSSb e 0.10 e e e 0.10 e
SSSc 4.0 3.90 97.5 ± 0.45 0.034 0.041 2.66 0.87 3.92 98.0þ/0.40 0.036 0.043
NSSc e 0.32 e e e 0.32 e
SSSc 5.0 4.94 98.8 ± 0.58 0.029 0.030 1.98 0.40 4.95 99.0þ/0.50 0.030 0.032
aSamples collected around Amaraja Batteries, bIndustrial Estate, Renigunta, cChandragiri, dn ¼ 4, eP  0.000284, fP ¼ 0.059. DE: Detection
efficiency; SWS: Sewage Water Sample; NWS: Normal Water Sample; SSS: Sewage Soil Sample; NSS: Normal Soil Sample.
9B.N. Kumar et al. / Karbala International Journal of Modern Science xx (2016) 1e12
+ MODEL(Tables 5 and 6) did not exceed the theoretical values.
Therefore, there is no significant difference between
the proposed and the FAAS method, indicating that the
present method is accurate and precise when compared
to the reported methods in the literature (see Table 7).Table 6
Analytical data for the determination of nickel (II) with FBBT in various w
Samples Added Present method
Nickel (II) [mg L1]
Found DE ± RSDd Intra-day
(%RSD)
Inter-day
(%RSD)
t
Water samples
SWSa 2.0 1.97 98.5 ± 0.28 0.010 0.012 7
NWSa e 0.24 e e
SWSb 3.0 2.98 99.3 ± 0.40 0.025 0.027 2
NWSb e 0.22 e e
SWSc 4.0 3.97 99.2 ± 0.51 0.020 0.021 1
NWSc e 0.20 e e
SWSc 5.0 4.98 99.6 ± 0.32 0.012 0.013 3
Soil samples
SSSa 2.0 1.96 98.0 ± 0.25 0.011 0.012 2
NSSa e 0.31 e e
SSSb 3.0 2.95 98.3 ± 0.30 0.023 0.024 3
NSSb e 0.26 e e
SSSc 4.0 3.96 99.0 ± 0.42 0.036 0.040 2
NSSc e 0.30 e e
SSSc 5.0 4.97 99.4 ± 0.53 0.028 0.031 1
aSamples collected around Amaraja Batteries, bIndustrial Estate, Renigunta
ficiency; SWS: Sewage Water Sample; NWS: Normal Water Sample; SSS:
Please cite this article in press as: B.N. Kumar et al., Spectrophotometric de
and their biological applications supported by DFT method, Karbala Intern
j.kijoms.2016.08.0034. Conclusions
In the present investigation simple, rapid, sensitive
and reproducible method was proposed for the deter-
mination of nickel (II) using HNBISNH and FBBT inater and soil samples (mg L1).
FAAS method
-Teste F-Testf Found DE ± RSDd Intra-day
(%RSD)
Inter-day
(%RSD)
.00 2.69 1.98 99.0 ± 0.30 0.011 0.012
e 0.25 e
.66 0.731 2.98 99.3 ± 0.45 0.026 0.027
e 0.24 e
.90 1.02 3.98 99.5 ± 0.48 0.019 0.022
e 0.21 e
.85 0.15 4.99 99.8 ± 0.34 0.012 0.013
.96 0.40 1.97 98.5 ± 0.25 0.010 0.011
e 0.31 e
.00 1.16 2.95 98.3 ± 0.32 0.022 0.025
e 0.27 e
.22 0.89 3.97 99.2 ± 0.40 0.037 0.042
e 0.30 e
.88 1.05 4.97 99.4 ± 0.50 0.029 0.030
, cChandragiri, dn ¼ 4, eP  0.000284, fP ¼ 0.05. DE: Detection ef-
Sewage Soil Sample; NSS: Normal Soil Sample.
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Please cite this article in press as: B.N. Kumar et al., Spectrophotometric de
and their biological applications supported by DFT method, Karbala Intern
j.kijoms.2016.08.003an aqueous medium. The ligands are found to be
sensitive when compared to the earlier reagents re-
ported in literature. The selectivity of the ligands were
improved by the use of masking agents to suppress the
excipients. The results of the proposed method are
comparable with FAAS. Additionally, antibacterial
activity nickel (II)-FBBT complex was greater than
that of nickel (II)-HNBISNH. This antibacterial ac-
tivity facilitates the biological importance of the syn-
thesized ligands to control diseases effectively.
Moreover, computational studies complimented the
experimental results by highlighting the stability of the
complexes and the stronger interaction of nickel (II)
with FBBT than with HNBISNH, thus supporting the
UVevisible spectrophotometric studies under optimal
conditions.
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